1. Introduction {#s0005}
===============

The dermatophytes are a group of fungi that are able to damage and utilize keratin found in the skin, hair and nails. They are classified into three genera (*Microsporum*, *Trichophyton* and *Epidermophyton*) based on the shape of macroconidia. Dermatophytosis is an infection produced by dermatophytic fungi in the keratinized tissues ([@b0075]). Since 1978, it was decided that the dermatophytes contracted half way across the world may become manifest in a country in which the pathogen is not normally found because of the rapid transit, and the increasing mobility of people ([@b0015]). The dermatophytosis transfers to man from animal (zoophilic dermatophytes) and from soil (geophilic dermatophytes) or through direct infection by personal contact ([@b0015; @b0150]).

The infectious phase includes fungal hyphae and arthrospores that have a latency phase that reaches to 24 months inside loose vacuoles keratinocytes of host ([@b0155]). The phenotypic characteristics of dermatophyte fungi are changed by many environmental, nutritional and chemical factors, for this reason researchers prefer the molecular methods, genotypic characteristics, to identify the dermatophytes, also the molecular methods are fast and more specific ([@b0065; @b0100; @b0110]). Direct microscopic examination, isolation, cultural features and physiological characteristics are useful to identify the genus and species of dermatophytes but these conventional methods require time and effort ([@b0165]). Molecular methods such as random amplified polymorphic DNA (RAPD) or arbitrarily primed PCR (AR-PCR) and Specific nucleotide sequence are used to identify species and sub-species of dermatophytes ([@b0065]). Recently, multiplex PCR method has been developed to detect dermatophytes in onychomycosis based on chitin synthase and internal transcribed spacer genes ([@b0040]).

Many studies were carried out in Saudi Arabia to isolate and identify some dermatophytes by conventional methods. Some of those studies found that the onychomycosis (40.3%) was more prevalent than tinea capitis (21.9%) followed by tinea pedis (16%), tinea cruris (15.1%) and tinea corporis (6.7%). In the Riyadh region, *Trichophyton mentagrophytes* and *Microsporum canis* were the most common dermatophytes whereas *M. canis*, *Trichophyton rubrum* and *T. mentagrophytes* were the most prevalent in the Eastern Province ([@b0005; @b0020; @b0025]). The aim of this research was to isolate and identify dermatophytes from patients in Riyadh City by a conventional and molecular method.

2. Materials and methods {#s0010}
========================

2.1. Reference isolates {#s0015}
-----------------------

Reference dermatophyte isolates were purchased from Assiut University Mycological Center (AUMC), Egypt. ([Table 1](#t0005){ref-type="table"}).

2.2. Specimen collection {#s0020}
------------------------

The experimental design of current study was approved by the Department of Botany and Microbiology, College of Science, King Saud University (No. 29499001265). This study was performed according to international ethical guidelines for epidemiological studies prepared by the Council for International Organizations of Medical Sciences (CIOMS) in collaboration with the World Health Organization ([@b0030]). The Samples were collected from patients treated in a dermatology clinic-medical complex, Riyadh. The medical diagnosis was done by physicians and consultants as skin diseases. Samples of skin, hair and nails were collected by sterilized scalper, nail clipper, tweezers, toothbrush, vinyl tape strips or moistened cotton swabs depending on nature of infection. The samples were preserved in a sterile Petri dish and were transferred within 6 h to the Medical mycology laboratory in the Department of Botany and Microbiology, College of Science, King Saud University to perform isolation and identification. A portion of each simple was examined by direct microscopic method (KOH 10% with methylene blue) according to [@b0130].

2.3. Isolation of dermatophytes {#s0025}
-------------------------------

Sabouraud dextrose agar (SDA) and dermasel agar (DA) (Oxoid, England) were used to cultivate the dermatophytes. Cycloheximide (50 μg/ml) and Chloramphenicol (50 μg/ml) were added to prepare a selective media. To preserve the isolates, the isolates were cultivated on Potato dextrose (PD) slant agar with additional chloramphenicol (50 μg/ml), Cycloheximide (50 μg/ml), and glycerol (1%), after that they were preserved at −20 °C. The sub-cultivation was performed from the stock isolates to perform subsequent experiments ([@b0085; @b0095]).

2.4. Identification of dermatophytes by conventional methods {#s0030}
------------------------------------------------------------

Isolated dermatophytes were identified by study of common dermatophyte identification criteria such as gross colony on sabouraud's, mycosel agar and corn meal agar (Oxoid, England) with 2% dextrose (front, reverse color and texture), microscopic characteristics (microconidia, macroconidia, chlamydoconidia, chlamydoconidia in chains, and coiled spirals), urease test (on urease dextrose agar ((Oxoid, England)), *in vitro* hair penetration test, growth on trichophyton agar (No. 1 (casein without vitamin), No. 3 (Thiamin and inositol) and No. 4 (thiamin only)), and growth on boiled rice. Those microscopic and macroscopic morphological characteristics were studied according to [@b0050; @b0060; @b0070; @b0135]. Dermatophytes test medium (DTM) (BBL Company, USA) was used to distinguish between dermatophytes and non dermatophyte fungi. DTM contains phenol red indicator to detect secondary alkaline metabolites that are produced by the dermatophytes whereas the non dermatophytes produce secondary acidic metabolites. The changes of the yellow color medium to red indicate that the isolates are dermatophytes ([@b0090]).

2.5. Identification of dermatophytes by molecular methods {#s0035}
---------------------------------------------------------

Random short primers \[OPU15 (5′-ACGGGCCAGT-3′), and OPD18 (5′-GAGAGCCAAC-3′)\] were purchased from Qiagen company, USA. Finger prints for isolated dermatophytes and reference dermatophytes isolates were carried out by arbitrarily primed polymerase chain reaction (AP-PCR) according to [@b0100; @b0110; @b0115]. Genomic DNA was extracted and purified by DNeasy plant mini Kit (Qiagen, USA). Concentration and purity of DNA were determined by a spectrophotometer according to the instructions of the manufacturer (Qiagen, USA). PuReTaqTM Ready_To-GoTM Polymerase Chain Reaction (PCR) Beads (GE Healthcare Company, UK Limited) were used in amplification of the DNA segments consisting of a bacterial Tag DNA polymerase, Molecular bases (200 μM dATP, 200 μM dCTP, 200 μM dGTP and 200 μM dTTP), reaction buffer (10 μM Tris--HCl, pH 9.0 at room Temperature), 50 μM KCl and 1.5 μM MgCl2) and RNase (100 mg/ml), the amplification was done according to the instructions of the manufacturer (GE Healthcare, UK). Polymerase chain reaction (PCR) was performed in a Primus 96 plus, (MWG-AG, Biotech) programed for 39 cycles at 93 °C for 1 min; 50 °C for 1 min and 72 °C for 10 min. The electrophoresis on agarose gel with ethidium bromide was carried out then the gel images were photographed and stored in a Compact or UVP gel documentation Image analysis system.

3. Statistical analysis {#s0040}
=======================

The experiment was designed as completed random design (CRD). The data were expressed as percentages. Statistical analysis was performed by analysis of variance ([@b9000]).

4. Results {#s0045}
==========

4.1. Diagnosis of skin infections {#s0050}
---------------------------------

In this study, 112 skin infections were diagnosed and were distributed as follows: tinea capitis (22.3%), tinea corporis (21.4%), tinea unguium (17.9%), tinea pedis (17%), tinea manuum (11.6%), tinea cruris (4.5%), tinea faces (2.7%), tinea favosa (1.8%) and Tinea barbae (0.9%).

4.2. Identification of dermatophytes by conventional methods {#s0055}
------------------------------------------------------------

The fungal structures were directly observed in samples by KOH 10% with methylene blue. In [Fig. 1](#f0005){ref-type="fig"}, it can be seen that among the 112 isolates, there were 37 (33%) dermatophyte samples, 19 (17%) non-dermatophyte samples and 56 (50%) negative samples (the absence of the fungal elements). The results indicated that there are statistically significant differences (*P* \< 0.05) between percentage of dermatophytes, non-dermatophytes and negative samples. The results of microscopic and macroscopic characteristics showed that out of the 112 specimens, 52 (46.4%) isolates were identified as dermatophytes while 24 (21.4%) samples were identified as non dermatophytes. The negative samples were 36 samples which had not shown any growth on several media in this research ([Fig. 2](#f0010){ref-type="fig"}). There were remarkable significant differences (*P* \< 0.05) in number of identified isolates as dermatophytes between the direct microscopic test (37 samples) and cultivation method (52 samples). Nine species of dermatophytes were identified by microscopic and macroscopic morphological characteristics. These species belong to three genera: *Trichophyton* (*T. violaceum*, *T. verrucosum*, *T. rubrum*, *T. mentagrophytes*, *T. schoenleinii* and *T. concentricum*), *Microsporum* (*M. canis* and *M. audouinii*) and *Epidermophyton* (*E. floccosum*). The non dermatophyte isolates included 5 isolates from *Aspergillus* spp., 4 isolates from *Acremonium potronii* and 15 isolates from *Candida* spp. The results in [Fig. 3](#f0015){ref-type="fig"} demonstrate that *M. canis* was the most common species (13 isolates) whereas *T. concentricum* was the least (1 isolate). There was a significant association (*P* \< 0.05) between the dermatophyte species and skin infection. The most common species (*M. canis*) were major causative agents for prevailing skin infections (tinea capitis) while the least isolated species (*T. concentricum*) was isolated from one beard infection (Tinea barbae). A significant correlation (*P* \< 0.05) was observed between *M. canis* and *T. violaceum* with tinea capitis and tinea corporis. Also some species correlated with specific skin infections; for example, *T. rubrum* correlated with tinea capitis, corporis, manuum and pedis while *T. verrucosum* correlated with tinea capitis, manuum, pedis, faces and barbae ([Table 2](#t0010){ref-type="table"}).

4.3. Identification by molecular method {#s0060}
---------------------------------------

The short random primer (OPU 15) and reference dermatophyte isolates were used to identify some isolated dermatophytes. The PCR amplified productions are summarized in [Table 3](#t0015){ref-type="table"}. Six species (*T. violaceum. T. rubrum*, *T. verrucosum*, *T. mentagrophytes*, *M. canis* and *E. floccosum*) were identified by this primer. To identify the remaining isolates, the PCR amplified productions of OPD 18 were compared with the study of Liu and his colleagues ([@b0105]) ([Table 4](#t0020){ref-type="table"}). To calculate the similarity, the following equation was used ([@b0115]).$$\text{Similarity} = 2 \times (\text{Number\ of\ bands\ in\ common})/(\text{total\ number\ of\ bands})$$

The comparison indicated that the isolates that were not identified by POU 15 primer were *T. schoenleinii*, *T. concentricum* and *M. audouinii*. The results in [Fig. 3](#f0015){ref-type="fig"} show that some isolates were identified by the conventional method but they were not identified by the molecular method (two *T*. *rubrum* isolates, one *T*. *verrucosum* isolates, one *T. schoenleinii* isolates and two *M*. *canis* isolates).

5. Discussion {#s0065}
=============

In most cases, the mycological analysis is required because the clinical diagnosis is not obvious. The dermatophytes exist and are endemic in most regions but the species vary from one environment to another ([@b0080]). In this study, the distribution of skin infections agreed somewhat with some results obtained from some studies ([@b0005; @b0020; @b0025]) in Riyadh City, Saudi Arabia but tinea imbricate was not observed in this research. Also the tinea capitis was the most common skin infection in this study while another research ([@b0005]) found that onychomycosis was the most frequent infection (40.3%). In this occasion, it should be noted that the term onychomycosis refers to fungal infection of the nail that is caused by non dermatophyte fungi such as *Scopulariopsis brevicaulis* and *Candida albicans* whereas the term tinea unguium means fungal infection of nail that is caused by dermatophyte fungi ([@b0055]). In this research, the results agreed with studies that were carried out in Alexandria -- Egypt and in Brazil that found that 50% of positive cultures were in samples from toenails ([@b0035; @b0145]). Although dermatophytosis is found throughout the world, the developed countries have high rates of tinea pedis and onychomycosis, while developing countries have high rates of tinea capitis ([@b0010; @b0160]). Many studies in other countries (Tripoli, Libya and Sana'a, Yemen) did not agree with this research. Those studies indicated that tinea corporis was the most common in Libya and Yemen, respectively ([@b0060; @b0120]). The dermatophyte isolates were more than the non-dermatophytes, this result was approved by another research that was performed in Eastern Province of Saudi Arabia that examined 4294 clinically suspected cases of dermatomycoses and concluded that the non dermatophyte fungi were dominant ([@b0020]). Generally in developing countries, the tinea capitis is present in more than 19.7% of the general population ([@b0010]).

The negative samples reached half (50%) of tested samples by the direct microscopic method and third (32%) of samples by cultivation methods. In direct microscopic test, most studies were based on observing some structural fungi such as septate hyphae, conidia, chlamydospores and arthrospores as preliminary evidences on the presence of dermatophytes in sample while dichotomously branched, fronded hyphae and budding yeast cells as evidences on the non dermatophytes ([@b0165]). In direct microscopic test, the fungal elements were not accurate to differ between dermatophyte and non dermatophyte fungi, also the absence of structural fungal elements in samples did not mean the absence of dermatophyte fungi. Some samples did not grow on artificial media that were used in this study, may be a major reason for this is absence of fungi in samples or residual antifungal drugs still exist inside the samples collected from patients.

In this work, *candida* species and the non dermatophytes (such as *A. potronii* and *Aspergillus* spp) were most frequent than other non dermatophyte fungi. Same results were reported by Costa-Orlandi and his colleagues ([@b0035]). *M. canis* and *T. violaceum* were the most prevalent among dermatophyte isolates, these results agreed with some studies ([@b0045; @b0050]) but did not agree with other researches ([@b0035; @b0125]) which found that the *Trichophyton* genus represented over 80% of the isolates (*T. rubrum* (64.29%), *T. mentagrophytes* (21.43%)) while *Microsporum gypseum* represented 14.29%. The differences between this study and previous studies were due to the variations in environment and lifestyle ([@b0140]).

The correlation between the type of tinea and dermatophytes depends on the kind of keratin (Keratin in hair, keratin in skin, keratin in live tissue or keratin in dead tissue), for example *M. canis* prefers keratin in scalp and skin while *E. floccosum* prefers keratin in dead tissue (groin, feet and nails). In this research, *M. canis* and *T. violaceum* correlated with tinea capitis and corporis while *E. floccosum* correlated with tinea unguium and manuum.

Although 52 dermatophyte isolates were identified by the culture method only 45 of 52 isolates were identified by molecular methods; this means that the agreement between two methods was 86.5%. Probably, there are two reasons for reducing the isolates identified by molecular methods, the first: the molecular method is more accurate than cultivation assay and the second: in conventional methods, the great similarity between some dermatophytes in microscopic and macroscopic characteristics leads to a misidentification.

This research concluded that the major types of tinea were tinea capitis and tinea corporis. *M. canis*, *M. audouinii*, *T. violaceum*, *T. verrucosum*, *T. rubrum*, *T. mentagrophytes*, *T. schoenleinii*, *T. concentricum* and *E. floccosum* were responsible for dermatophytosis. *M. canis* and *T. violaceum* were the most prevalent among the dermatophyte species.
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###### 

Reference dermatophyte isolates from Assiut University Mycological Center, Egypt.

  No.   AUMC No.[∗](#tblfn10){ref-type="table-fn"}   Fungal species
  ----- -------------------------------------------- -------------------------------
  1     2350                                         *Microsporum fulvum*
  2     2349                                         *Microsporum gallinae*
  3     5096                                         *Microsporum gypseum*
  4     5503                                         *Trichophyton mentagrophytes*
  5     5488                                         *Trichophyton rubrum*
  6     2353                                         *Trichophyton simii*
  7     5097                                         *Trichophyton violaceum*
  8     2357                                         *Microsporum praecox*
  9     5448                                         *Microsporum canis*
  10    5473                                         *Trichophyton verrucosum*
  11    5495                                         *Epidermophyton floccosum*

AUMC: Assiut University Mycological Center.

###### 

Percentage of dermatophyte isolates and their correlation with type of skin infections.

  Species of dermatophytes        Types of dermatophytosis (Type of tinea) (%)   Total (%)                                               
  ------------------------------- ---------------------------------------------- ----------- ----- ----- ------- ----- ----- ----- ----- ------
  *Microsporum canis*             19.2                                           5.8         0     0     0       0     0     0     0     25
  *Trichophyton violaceum*        9.6                                            9.6         0     0     0       0     0     0     0     19.2
  *Trichophyton rubrum*           1.9                                            9.6         0     1.9   1.9     0     0     0     0     15.3
  *Trichophyton verrucosum*       1.9                                            0           0     1.9   3.8     0     1.9   0     1.9   11.4
  *Trichophyton mentagrophytes*   0                                              1.9         0     0     1.9     5.8   0     0     0     9.6
  *Microsporum auoduinii*         7.7                                            0           0     0     0       0     0     0     0     7.7
  *Epidermophyton floccosum*      0                                              0           3.8   0     1 1.9   0     0     0     0     5.8
  *Trichophyton schoenleinii*     1.9                                            0           0     0     0       0     0     1.9   0     3.8
  *Trichophyton concentricum*     0                                              1.9         0     0     0       0     0     0     0     1.9
                                                                                                                                         
  Total                           42.3                                           28.8        3.8   3.8   9.6     5.8   1.9   1.9   1.9   100

###### 

Summary of PCR amplified products from isolated dermatophytes DNA by OPU 15 primer.

  Dermatophytes species           PCR products (bp)
  ------------------------------- -----------------------------
  *Trichophyton violaceum*        2700, 2200, 1900, 800
  *Trichophyton rubrum*           2000, 1800, 800,500, 2600
  *Trichophyton verrucosum*       2600, 2000, 1800, 800, 500.
  *Trichophyton mentagrophytes*   2500, 2000, 1400, 800
  *Microsporum canis*             600, 1200
  *Epidermophyton floccosum*      800

PCR: polymerase chain reaction, bp: base pairs.

###### 

Summary of PCR amplified products from isolated dermatophytes DNA by OPD 18 primer and comparing them with results' [@b0105].

                                PCR amplified products (bp) by OPD18 primer                 
  ----------------------------- --------------------------------------------- ------------- ------
  *Trichophyton schoenleinii*   3200, 2000                                    3200, 2000    100
  *Trichophyton concentricum*   3400, 2100, 1200                              3400, 2100,   85.7
  2000, 1200                                                                                
  *Microsporum audouinii*       3600, 3400, 2800,                             2800, 1600,   80
  1600, 1400, 1100              1400, 1100                                                  

PCR: polymerase chain reaction, bp: base pairs.
